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Abstract. We carried out two factorial experiments in pots (capacity 4 kg) in order to increase the salt
tolerance of one of our important plant - onion, using inoculation with mycorrhizal fungi (Glomus
fasciculatum) and magnetized water under conditions of salinity stress. The first experiment aims the
interaction between fungus inoculation and four levels of saline drainage water (0.66, 5.0, 7.5, 10.0
ds/m) and the second experiment aims the interaction between the inoculation factor and the water
magnetic and two soils with different salinity (5.6, 13.4 ds/m). The results showed that the inoculation
with the mycorrhizal fungi led to a significant increase in height, fresh weight and dry weight of
onions to all levels of salinity compared with no addition of inoculation, while led to a significant
reduction in electrical conductivity and the percentage of AM colonization of all levels of salts water.
The treatment with inoculation and magnetized water when the salinity was 13.4 ds.m-1 recorded
significant increase for plants height, fresh weight and dry weight (38.46%, 60.0%, 92.30%)
respectively compared to the variant without inoculation, only with addition of water non-magnetized
at the same soil salinity. The addition of mycorrhizal fungi (Glomus fasciculatum) and magnetized
water impact significant in reducing the electric conductivity (Ec) in soil salinity (13.4 ds/m) while it
affects significantly the percentage of AM colonization in both two soils.
Keywords: AM fungi (Glomus fasciculatum), water magnetic, salinity, onion.
INTRODUCTION
The onion (Allium cepa L.) is one of the most important commercial crops among
vegetables and spices. Classified as vegetable crops from the family Amaryllidaceae (Randle,
1997) onion is one of the important winter vegetables met all the year in the most countries of
the world, including Iraq. The crop production of onion is affected by several factors
including salinity and non-use of modern technologies, that’s why, isa need to study possible
ways to improve the yield, including bio-fertilizers and magnetic water.
It is well known that crop production is low in saline soil, mainly due to salt toxicity
to plants leading to a decrease of the plant water holding capacity, the imbalance of nutrient
uptake and toxicity of ions towards plant photosynthesis (Katerji et al. 1998; Van Hoorn et al.
2001). Because of the inability of the ordinary water to dismantle and dissolve salt crystals of
polar molecules the scientists resorted to the use of magnetic techniques for the magnetization
of water in order to increase the efficiency of polar molecules and thus increasing the strength
of his ways for the surfaces of the crystals to melt and dismantled (Zhu et al., 1986).
Therefore, the plants irrigated with magnetic water germinate and grow quickly and
thus reach the maturity period, as well as the magnetized water is washing the soil of salts
effectively more than three times than the ordinary water. In the same time it works on the
concentration of oxygen in the water, over 10 % from the usual level and the plants can
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absorb the nutrients better during the period of germination (Guo et al., 1994; Takashinko,
1997; Hilal and Helal, 2004). The magnetization of water lead to wash salts from the soil
provider and increase readiness of nutrients by cracking salts crystals and therefore stimulates
roots to penetrate the soil and this in turn increases plants growth and sum up (Kronenberg,
2005).
Arbuscular mycorrhizal fungi widely exist in salt affected soils (Juniper and Abbott,
1993; Bohrer et al., 2003). Many studies have demonstrated that inoculation with Am fungi
improves growth of plants under a variety of salinity stress condition (Tain et al., 2004;
Rabie, 2005; Jahromi et al., 2008). To some extent, these fungi have been considered as bio-
ameliorators of saline soils (Rao, 1998; Burke et al., 2003). Thus this research is a good
attempt to increase the salinity tolerance of one of the important vegetable crops by using
inoculation of the Am-fungi and magnetic water under salinity stress conditions.
MATERIALS AND METHODS
Two factorial experiments carried out in pots with the capacity of 4 kg, using the
randomization complete design in the College of Agriculture - University of Diyala in 2011 to
study the effect of mycorrhizal fungi (Glomus fasciculatum ) and of the magnetic water in the
onion plant growth under salinity stress.
The first experiment:
A factorial experiment was conducted in sandy loam soil (Ec= 0.7) ds/m sterilized in
autoclave at 1210C and a pressure of 1.05 kg/cm2 for studying the effect of the mycorrhizal
fungi (G. fasciculatum) in the growth of plant irrigated onion salt water. The experiment
included 8 variants resulted from the interaction between the first factor - inoculation with
fungi (with and without inoculation ) and four levels of saline puncture water (0.66; 5.0; 7.0;
10.0 ds/m) in three repetitions. The pots were planted with follicle local onion (Allium cepa),
three follicles/pot and after germination remained two plants/pot. After germination were
made all the treatments with salted water and mycorrhiza according to the experimental
protocol.
The second experiment:
A factorial experiment was conducted to study the effect of mycorrhiza fungi (G.
fasciculatum) and magnetized water on the growth of onion plants implanted in two soils with
different salinity. The experiment, in three repetitions, included 8 treatments resulted from the
interaction between the factor - fungi inoculation (with and without inoculation), the factor –
magnetized water (ordinary and magnetized) and two soils with different salinity (5.6, 13.4
ds/m) and texture of salty loam and clay loam. The experience were in conducted in pots
where were planted the follicle of local onion (Allium cepa), three follicles/pot. Remained two
follicles/pot, after germination and the plants received magnetic water (1000) chaos strongly
and non magnetic water according to the treatments on the basis of moisture at field capacity.
We’ve added nitrogen fertilizer (urea) as a source of nitrogen and triple super
phosphate as a source of phosphorus and potassium sulphate as a source of potassium fixed
rate for all treatments according the recommended amount for both experiments, as it was
(350 ,802, 386 mg/pot), respectively added mycorrhiza inoculation made up of infected roots,
soil and spores (as was propagated by plant maize in sterilized soil) and we’ve put 50 g/pot
after removing the surface layer of the soil in both experiments.
After 50 days from germination we measured the plant height, the fresh weight, the
dry weight of shoots, the electrical conductivity (Ec) and the percentage of AM colonization.
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RESULTS AND DISCUSSION
The results from the table 1 shows that the addition of AM inoculation led to a
significant increase in plant height, fresh weight and dry weight of shoots compared with the
untreated control variant.
It is widely acknowledged that the mycorrhizal system helps the root system from
soils with low fertility or degraded to acquire more nutrients so AM fungi play an important
role in improving the uptake of low mobile ions, in phosphate (PO4-3) and in ammonium
(NH4+) phases (Smith and Read, 1997). Sridevi and Ramakrishnan (2010) pointed that
inoculation with AM fungi led to a significant increase in plant height and yield onion.
The increase in salinity levels led to a significant decrease in plant height, fresh
weight and dry weight, respective the addition of AM inoculation, as at the record level 0.66
ds/m the highest values for plant height, fresh weight and dry weight was 38.32 cm, 123.75,
respectively 21.93 g/pot, while at the record level 10 ds/m lower values, as the 26.91 cm,
79.14, 13.96 g/pot. As the under salinity stress, ethylene is produced at higher concentration
and this higher concentration of ethylene is inhibitory to plant growth in plants resulting in
overall reduced growth (Smalle and Van der Straeten, 1997) was confirmed by Rabie et al,
(2005). That plant height, dry weight and the yield decreased significantly when increasing
the level of salinity without of AM inoculation.
Tab. 1
The effect of mycorrhiza in plant height, fresh weight and dry weight of plant irrigated when water is
salty
Plant height
(cm)
Fresh weight
(g/pot)
Dry weight
 (g/pot)
Salinity
levels
ds/m -AM +AM mean -AM +AM mean -AM +AM mean
0.66 34.37 b 42.27 a 38.32 a 89.22 c 158.28 a 123.75 a 18.0 bc 25.86 a 21.93 a
5.0 31.25 c 34.37 b 32.81 b 76.90 e 126.14 b 101.52 b 17.6 bc 19.6 b 18.6 b
7.5 28.22 d 31.87 c 30.04 c 81.34 d 89.92 c 85.63 c 14.4 de 17.12 bc 15.76 c
10.0 25.82 e 28.0 d 26.91 d 71.3 f 86.98 c 79.14 d 12.4 e 15.52 cd 13.96 d
Mean 29.92 b 34.05 a 76.69 b 115.32 a 15.63 b 19.53 a
Note: different letters with in each column are significantly different ( p = 0.05) by Duncan's test.
The interaction between the AM inoculation and salinity levels significantly affected
the plant height, fresh weight and dry weight, as the addition of Am inoculation led to a
significant increase in height, fresh weight and dry weight and to all levels of salinity
compared without the inoculation. The level of 5.0 ds/m with the addition of the inoculation
induced to plant height the same values of34.37cm as the level 0.66 ds/m without adding the
inoculation. The level of 10.0 ds/m with the addition of the inoculation gave values of 86.98,
15.12 g/pot for fresh and dry weight. These values do not differ significantly from the values
at 0.66 ds/m without adding the inoculation. This result shows that the Am fungi led to
alleviate the effect of salt water on the growth of the plant – can be seen from the table 2,
where the inoculation has a significant effect in reducing the electrical conductivity (Ec) from
6.30 to 5.86 ds/m. The AM fungi could enhance the ability of plants to cope with salt stress
(Yano-Melo et al., 2003; Rabie, 2005; Jahromi et al., 2008) by improving plant nutrient
uptake (Cantrell and Linderman, 2001; Asghari et al., 2005) and ion balance (Zandavalli et
al., 2004; Giri et al., 2007 ), protecting enzyme activity (Rabie and Almadini, 2005; Giri and
Mukerji, 2004 ) and facilitating water uptake (Berta et al., 1990; Ruiz- Lozano and Azcon,
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1995 ). This result agrees with the findings of the Rabie et al. (2005) where indicated that the
mycorrhiza exhibited better plants improvement in all measurements than that of non-
mycorrhized ones at all salinity levels. Mahesh et al., (2010) noted that mycorrhiza reduced
salt injury. Growth parameters of garlic plants like plant fresh and dry weight were higher at
moderate salinity level, that the mycorrhiza helps garlic plants to perform better under
moderate salinity level by enhancing the antioxidant activity and praline content as compared
to non-AM plants. They noted also that the AM fungi at the 100, 200 mM do not help only for
acclimatization, but also for continued nutrient uptake during progressive growth stages in
garlic plants. Mycorrhizal garlic plants were found to be more tolerant in second level of
salinity stress condition because mycorrhizal inoculation protected the plants against the
detrimental effect of salt, which may be due to the root development higher nutrient
acquisition in response to AMF colonization (Mahesh et al., 2010).
Tab. 2
The effect of mycorrhiza fungi in the electrical conductivity of the soil and the infection of mycorrhiza
in the roots of onion plants irrigated with saline water
Note: different letters in each column denote significant differences ( p = 0.05)  by Duncan's test
From the results shown in table 2 we can see that the addition of AM inoculation
affected significantly the electrical conductivity and the percentage of AM colonization
compared without the addition of the inoculation, irrespective of salinity levels, recorded a
percentage of 58.25 %, while led to a reduction in electrical conductivity (Ec), a significant
decrease. Selective accumulation or exclusion of ions, control of ion uptake by roots and
transport into leaves, and compartmentalization of ions at the cellular and whole plant levels
are the most effective strategies of AM fungi for adaptation of plants to salinity (Rabie and
Almadini, 2005).
Increased levels of salinity led to a significant increase in the values of the Ec and
reduce significantly the percentage of AM colonization, irrespective of addition of the
inoculation. Mahesh et al. (2010) said that after 45 days of AM inoculation the mycorrhizal
non-stressed onion roots showed 33.33 % AM colonization, during saline conditions the AM
colonization was higher, in 200mM level of salinity there were 30% treated onion plants than
in 100 and 300 mM level of salinity - 13.33 and 16.66% treated onion plants .
The interaction between the AM inoculation and salinity levels significantly affected
the electrical conductivity and the percentage of AM colonization, as the AM inoculation led
to a reduction in the Ec. A significant decrease at all levels of salinity compared with no
inoculation, it was 0.63, 10.63 ds/m at the level 0.66, 10.0 ds/m and without inoculation,
respectively; while it was 0.43, 9.8 ds/m at the same levels at inoculation. The recorded level
0.66 ds/m was the highest percentage of AM colonization, 78%, and decreased with
increasing salinity levels to the lowest value at the 10.0 ds/m – it was 36%. It can be a reason
for the low Ec when adding the inoculation that AM fungus increase the readiness of the
nutrients in the soil, more easily absorbed by plants and thereby increase plant growth and
Electrical conductivity (Ec)
(ds/m)
Mycorrhizal infection
(%)Salinity levels(ds.m-1 ) -AM +AM mean -AM +AM mean
0.66 0.63g 0.43g 0.53 d 0.0 e 78 a 39 a
5.0 6.0 e 5.26 f 5.63 c 0.0e 67 b 33.5 b
7.5 8.16c 7.76d 7.96 b 0.0 e 52 c 26.0 c
10.0 10.63 a 9.8b 10.21 a 0.0 e 36 d 18.0 d
mean 6.30 a 5.86b 0.0b 58.25 a
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decreases the concentration of ions remaining in the soil - as the role of AM fungi on nutrient
uptake (N,P and microelements), on the growth of AM crops, as well as on possible
mechanisms of nutrient uptake (Gregory, 2006; Cavagnaro,2008). Rabie et al. (2005) also
found that the Am plants accumulated more Na in their roots with increasing salinity; shoots
of these plants had lower Na+ content and showed limited accumulation with increasing
salinity. Rabie et al. (2005) pointed that percentage of mycorrhizal infection were
significantly decreased by increasing salinity levels. Previous research had shown that salinity
may reduce mycorrhizal colonization by inhibiting the germination of spores (Hirrel, 1981),
inhibiting growth of hyphae in soil and hyphal spreading after initial infection had occurred
(McMillen et al, 1998 ), and reducing the number of arbuscules ( Pfeiffer and Bloss, 1988).
Tables 3, 4 and 5 shows that the addition of magnetic water led to a significant
increase in plant height, fresh weight and dry weight compared to the addition of non-
magnetized water, irrespective of adding the inoculation and salinity. The increase of 8.76%,
35.96%and respectively 36.88% can be attributed to the magnetization of water. This
increases the level of enzymes and maintaining hormonal balance, leading to increase in the
rates of transpiration, growth, expansion, cell division and the elongation, which will be
reflected positively on plant height. The breaking bonds of hydrogen in water as a result of
magnetization facilitate the absorption of water by the cells of the root and work to dissolve
minerals and salts - this was confirmed by Takashinko (1997) and Kronenberg (2005).
The addition of magnetized water in the soil with salinity 5.6 ds/m led to a
significant increase in fresh weight (47% ) and to the increase not so significant when the soil
salinity was 13.4 ds/m; while the addition of magnetized water when the soil salinity was 13.4
ds/m resulted in significant increase in dry weight (61.0% ) and to increase not significant
when the soil salinity of 5.6 ds/m is compared with the addition of normal water. As
explained Takashinko (1997) - the technical magnetic adapt the proportion of water and make
it more soluble and has higher capacity to wash salts from the soil, it also increase the
readiness of the nutrients in the soil. It was found that irrigation with magnetized water
increases the efficiency of washing with 20% compared with normal water - increase in plant
growth.
Adding the AM inoculation when the soil salinity was 5.6 ds/m led to a significant
increase in plant height, fresh weight and dry weight compared to non-addition of the
inoculation, irrespective of the addition of magnetized water. The increase of 28.57%, 70.96%
and , respectively 52.88% at the addition of the inoculation, when the soil salinity was 13.4
ds/m led to a marked increase in plant height , fresh weight and dry weight. An inoculation in
moderate salinity of mycorrhized garlic plants showed more plane fresh weight as compared
to non mycorrhizal garlic plants, increase in morphological parameters of AM garlic plants
during moderate salinity condition was observed - this states that mycorrhiza helps garlic
plants to survive luxuriantly under saline conditions (Mahesh et al., .2010).
We had a triple interaction between the inoculation with AM, magnetization of water
and salinity which significantly affected the plant height, fresh weight and dry weight. Neera
and Geetanjali (2008) explained that exposure of mycorrhizal pigeon pea plants to salinity
resulted in significant induction of nodular antioxidative enzyme activities such as SOD,
POX, CAT and GR that could help the plants to protect themselves from the oxidative effects
of the ROS. Cantrell and Linderman (2001) suggested that AM fungi improve P nutrition of
plants under salinity stress and reduce the negative effects of Na+ and Cl by maintaining
vacuolar membrane integrity, which prevented these ions from interfering in growth
metabolic pathways. The maintaining of the membrane integrity and selective ion intake was
noted by Rinaldelli and Mancuso (1996). Experiments indicated (Kronenberg ,2005) that the
irrigation with magnetic water wash salts from the soil and increases the readiness of nutrients
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by cracking salt crystals and therefore stimulates the roots to penetrate the soil, which in turn
increases plant growth .
Tab. 3
The effect of magnetization of the water and mycorrhiza the fungi in plant height(cm) in implanted
in two soils different salinity
Note: different letters in each column denote significant differences ( p = 0.05)  by Duncan's test
-WM = non magnetic water; +WM = magnetic water
Tab. 4
The effect of the magnetization of the water and the mycorrhizal fungi in fresh weight (g/ pot) in
two soils with different salinity
- AM + AMSoil Salinity
(ds/m) -WM + WM Mean -WM + WM Mean Mean
5.6 60 c 64 c 62 b 76 b 136 a 106 a 84 a
13.4 40 f 46 e 43 b 52 d 64 c 58 b 50.5 b
Mean 50 b 55 b 52.5 b 64 b 100 a 82 a
Note: different letters in each column denote significant differences ( p = 0.05)  by Duncan's test.
Tab. 5
The effect of magnetization of the water and the mycorrhizal fungi in dry weight (g/pot) in two soils
with different salinity
Note: different letters in each column denote significant differences ( p = 0.05)  by Duncan's test.
From the results shown in table 6 and 7 we can see that the addition of magnetic
water with soil salinity at 13.4 ds/m led to a significant reduction in electrical conductivity
(Ec) compared to the addition of non-magnetized water, as it was 8.90, 7.69 ds/m when the
addition of water non-magnetized and magnetized water, respectively while the addition of
water magnetic led to the insignificantly increased in the percentage of AM colonization with
soil salinity (5.6, 13.4 ds/m). Hilal and Helal (2004) explained that the irrigation with
magnetic water led to increase in wash salts and low alkaline soil and increase the absorption
of Ca++, Mg++,So4-- and low Na+ absorption, leading to lower concentration of positive and
negative ions remaining in this soil and this was confirmed by Takashinko,1997).
The interaction between the inoculation and salinity had not significantly influence in
the electrical conductivity and significantly in the percentage of AM colonization, irrespective
of addition of magnetized water, as the addition of inoculation led to a significant increase in
the percentage of AM colonization compared to non addition and when soil salinity was 5.6
and 13.4 ds/m. It was 18.0%, 58% when soil salinity was 5.6 ds/m and when was not added
- AM + AMSoil Salinity
(ds/m) -WM + WM Mean -WM + WM Mean Mean
5.6 28 e 35 bcd 32.5 bc 39 ab 42 a 40.5 a 36 a
13.4 26 e 31 ed 28.5 c 33 cd 36 bc 34.5 b 31.5 b
Mean 27 c 33 b 30 b 37.5 a 37.5 a 37.5 a
- AM + AMSoil Salinity
(ds/m) -WM + WM mean -WM + WM mean mean
5.6 9.44 cd 10.68 c 10.06 b 13 52 b 17 24 a 15.38 a 12.72 a
13.4 6.76 e 10 c 8.38 b 7.52 dc 13 b 10.26 b 9.32 b
Mean 8.1 b 10.34 b 9.21 b 10.52 b 15.12 a 12.82 a
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the inoculation. Those different levels of salt did not affect the colonizing ability of the fungi
significantly because significant mycorrhizal infection was observed at different saline
concentration (Neera and Geetanjali, 2008).
The addition of mycorrhyza and the magnetized water impact significant in reducing
the electric conductivity (Ec) in soil with salinity of13.4 ds/m. The addition of the inoculation
and the magnetization of irrigation water recorded the affect significantly increase the
percentage of AM colonization in both two soils, as it was the treatment of inoculation with
magnetized water (60.0%, 52.0%) when the soil had the salinity of 5.6, respectively 13.4
ds/m. This maybe the cause of the low electrical conductivity - the irrigation with magnetic
water that increase that readiness of the nutrients in the soil, they are easily absorbed by plants
and thus reduce the concentration of ions remaining in the soil, leading to low electrical
conductivity. This situation was confirmed by Makhmoudov (1998). The AM fungi work to
increase the absorption of nutrients, including N, P, K, Mg, Ca, Na in the soil (Rabie et al.,
2005) that was the reason for increasing the proportion of injury when using this inoculation,
water magnetic and both two soils, maybe because the magnetized water improves the
permeability of the cell membrane and stimulates the roots to penetrate the soil (Fluid Energy
Australia Report, 2000) and increased permeability of the membrane lead to increased
secretion the root of sugars reducing and amino acids that lead to the formation of infection of
fungi mycorrhiza and so increase the percentage of infected roots ( Cooper, 1984).
Tab. 6
The effect of magnetization of the water and mycorrhiza in the electrical conductivity in two soils with
different salinity
- AM + AMSoil Salinity
(ds/m) -WM + WM Mean -WM + WM Mean Mean
5.6 4.5 c 4.43 c 4.46 b 4.3 c 4.1 c 4.2 b 4.33 b
13.4 9 a 8.5 a 8.21 a 8.8 a 7.45 b 8.65 a 8.43 a
Mean 6.75 a 5.94 a 6.34 a 6.55 a 6.3 a 6.42 a
Note: different letters in each column denote significant differences ( p = 0.05) by Duncan's test.
Tab. 7
The effect of magnetization of the water and mycorrhiza in the mycorrhizal infection (%) of the roots
in two soils with different salinity
- AM + AMSoil Salinity
(ds/m) -WM + WM Mean -WM + WM Mean Mean
5.6 17.0 d 19.0 d 18.0 c 56.0 ab 60.0 a 58.0 a 37.83 a
13.4 10.0 e 11.5 e 10.75 d 48.0 c 52.0 bc 50.0 b 30.37 b
Mean 13.5 b 15.25 b 14.37 b 52.0 a 56.0 a 54.0 a
Note: different letters in each column denote significant differences ( p = 0.05)  by Duncan's test.
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